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Section 1. General administrative information
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Physi ol ogi cal

Assessment of wild and hatchery juvenile

sal noni ds.

BPA proj ect nunber 9202200
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addr esses
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O her pl anni ng docunent

ref erences

Snake R ver

Recovery Plan Tasks 4.3 and 4.4

Short description

The overall goa

by 1)
of fish reared in hatcheries,
hat chery snol t

of this research
of hatchery salnmon on wild sal non
inmproving the snolt quality
and
i n suppl enentation

is to reduce negative inpact
and eval uate suppl enentati or
and snolt-to-adult survival
2) producing a nore wld-tyg
progranms. The experi nent al

obj ectives of our on-going and proposed work include inproving

smol t-to-adult surviva

of the Colunbia R ver term nal
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(CCEDC, CDFW WDFW by growth rate mani pul ation (w nter

dor mancy and enhancing spring growh rate) of juvenile spring
chi nook sal non before release. A second major elenent of our
research is to characterize the physiol ogy of sal non reared
under conventional and natural-rearing systens in the

suppl enentati on programat the Ce Elum Hatchery (Yakama |ndie
Nation and WOFW. Finally, we propose to conpare the
physi ol ogy of hatchery reared fish at the Cle Elum Hatchery tc
that of naturally rearing fish during outm gration.

Tar get species
Spring chi nook sal non (Oncor hynchus tshawyt scha)

Section 2. Sorting and evaluation

Subbasi n
Ccean/ estuary, Yakim

Evaluation Process Sort

CBFWA caucus CBFWA eval . process | SRP project type
X one or nore I f your project X one or nore
caucus fits either of categories

t hese processes, X
one or both

X| Anadr onous fi sh Mul ti-year Wat er shed
(m | estone- based counci | s/ nodel
eval uati on) wat er sheds
Resi dent Fi sh Wat er shed proj ect I nf ormati on
eval . di ssem nati on
Wildlife Qperation &

mai nt enance

New construction
X| Research &
nmoni t ori ng

| mpl enentation &
nmgmt

Wl dlife habitat
acqui sitions

Section 3. Relationships to other Bonneville projects

Umbrella /sub-proposal relationships. Li st unbrella project
first.
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Pr oj ect
#

Project title/description

Other dependent or critically-related projects

Project |Project title/description Nat ure of relationship
#
9306000 | Col unbi a Ri ver Term nal Laboratory anal ysis of
Fi sheries Research Project |physiology sanples and
anal ysi s and
interpretation of tag
return data
9506300 | Yaki ma/ Kl i cki t at Moni t or physi ol ogy of
Moni toring & Eval uation suppl enentation fish at
Pr ogram Cl e Elum Hat chery
9506406 | Moni toring of Moni t or physi ol ogy of

suppl enent ati on response
vari abl e for YKFP

captured fish rel eased
fromdCd e Elum Hatchery an
wild fish during

outm gration

Section 4. Objectives, tasks and schedules

Past accomplishments

Year | Acconpli shnent Met bi ol ogi cal objectives
1994 | Monitored physiology of wld
-5 sal non juveniles
1996 |Denonstrated effects of
growm h regul ation on juvenile
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sal non

1997 |Conpleted wild fish analysis
1998 |Published 3 papers in peer-
reviewed |literature on work
descri bed above.
Objectives and tasks
oj Task
1,2 |ojective a, b, |Task
, 3 c

1. Mani pul ate growth rates a. Anal yze sanpl es and data
of spring chi nook sal non on physi ol ogy of juvenile
to correspond to pattern sal non
seen in wild fish

b Conpare sanolt-to-adult
survival of experinental
groups and publi sh
resutls.

2. Eval uat e physi ol ogy of a Sanpl e fish, analyze date
juvenile spring chinook on physi ol ogy of juvenile
sal non in sal non
suppl enent ati on program

b Conpare results with
physi ol ogy of wild spring
chi nook sal non juvenil es

3. Eval uat e physi ol ogy of a Sanpl e fish, analyze date
hatchery and wld spring on physi ol ogy of juvenile
chinook m grants sal non

Objective schedules and costs
Start End Measur eabl e M | est one FY20
Qbj # date date bi ol ogi cal Cost
mm yyyy | mi yyyy | objective(s)
1| 06/2000| 05/2006| | nprove snolt-to- Est abl i sh
adul t survival fish
husbandry
procedure -
publ i sh
results
2| 06/2000| 05/2001 Char acteri ze Establ i sh

physi ol ogy fish

husbandry
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procedure -
publ i sh
results

3| 06/ 2000 | 05/2008

Characterize
physi ol ogy

Establ i sh
fish
husbandry
procedure -
publ i sh
results

Schedul e constrai nts

Tot al 1

None anti ci pat ed

Conpl eti on date

May 2008

Section 5. Budget

FY99 project budget (BPA $349, 000
obl i gat ed):
FY2000 budget by line item

Item Not e % of | FY2000 (

tota

I

Per sonnel 21 73, 462
Fringe benefits 4 13, 273
Suppl i es, 4 16, 102
mat eri al s, non-
expendabl e property
Qperations & 2 5,411
mai nt enance
Capi t al 0 0
acqui sitions or
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I mprovenents (e.qg.
| and, buil di ngs,
maj or equip.)

NEPA costs 0 0
Constructi on- 0 0
rel ated support
PIT tags # of tags: 0 0
Travel 2 6, 432
I ndi rect costs 18 65, 384
Subcontract or 50 178, 000
Q her 0 0

TOTAL BPA REQUESTED BUDGET 358, 0

Cost sharing
Or gani zati on Item or service % t ot al Amount  (
provi ded proj ect cost
(i ncl. BPA)

Outyear costs

Total project cost (including BPA portion)

| FY2001| FY02| FYO3| FY

Tot al budget |359,000 |360,000 |363,000 |365,000

Section 6. References
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PART Il - NARRATIVE

Section 7. Abstract

Qur goal is to reduce negative inpacts of hatchery on wld
sal nron and eval uate suppl enentation by 1) inproving snolt
quality and snolt-to-adult survival (SAS) of fish reared in
hat cheries, and 2) producing a nore wild-type hatchery snolt
in supplenmentation prograns. Itens addressed in the 1995
FWP include 7.201,3,5; 7.3B.2,6,7, 7.4K 1; 8.3c. High
snolt quality is defined operationally as fish that mgrate
rapidly after rel ease and survive to adulthood at relatively
hi gh rates. Rapid downstream novenent after rel ease reduces
hatchery fish interaction and conpetition with wild fish.
Fish that mgrate rapidly dowmstreamw || not residualize
and inprint on streamsites adjacent to the hatchery, which
means | ess straying of adults during hom ng and | ess
breedi ng and genetic introgression with wild fish.

I mprovi ng SAS of hatchery production fish will allow reduced
nunbers of juveniles released to realize the sane nunber of
adults contributed, and reduce inpacts of hatchery on wld
fish. Qur previous research found correl ati ons between
snolt quality indices, spring growmh, and SAS of spring

chi nook sal non in production hatcheries. Furthernore,

accel erating spring growth inproved instream m gration of
snolts. We al so characterized the physiology of wild chinook
salmon in the Yakima R ver. Proposed experinental

obj ectives include 1) inproving SAS of Colunbia R ver
termnal fishery by growmh rate mani pul ati on of juveniles,

2) eval uate the physiol ogy of sal non reared under
conventional and natural-rearing systens in the

suppl enent ati on program of the C e Elum Hatchery (Yakana

I ndi an Nation and WDFW, 3) conpare the physiology of the
Ce ElumHatchery fish with that of naturally rearing Yaki ma
River fish during outmgration. The outcone will be new
rearing ptotocols for inproving SAS and producing wld |ike
sl anon snolts in hatcheries. Results will be published in
the peer-reviewed literature.
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Section 8. Project description

a. Techni cal and/or scientific background

PROBLEM It is perceived that hatchery-reared sal nonids
are of inferior quality and have | ower snolt-to-adult
survival conpared to naturally-reared salnon. Qur research
has shown that snolt quality of hatchery fish differs from
that of wild fish in at |east four aspects: size, growh
rate, body fat, and dynam c physiol ogi cal changes associ at ed
with smoltification. Qur recent studies suggest that high
growh rate during snolting stinmulates downstream m gration
but the inpact of high growh rate on snolt-to-adult

survival of hatchery-reared fish remains to be denonstrat ed.
Al t hough data are avail able on the physiology of wild
spring chinook sal non juveniles, it is not clear that wld-
i ke fish can be produced in captivity or whether hatchery
production of wild-Iike fish would inprove snolt-to-adult
survival. In supplenentation prograns, it is critical that
snolts are produced that have wld-1ike physiol ogi cal
attributes, yet the nmethods to produce wild-like snmolts have
not been established.

The objective of our research is to mani pul ate growth
rates of hatchery reared fish to inprove snolt quality,
produce a nore wi |l d-type hatchery snolt, and acconplish the
foll owi ng goals:

1) Inprove snolt-to-adult survival

2) Reduce interactions between wild and hatchery juveniles
3) Allowfor the design of effective rearing prograns for
producing wild-like snmolts in supplenentation projects

4) Reduce straying and genetic introgression of hatchery
fish on protected sal nonid popul ati ons

Thi s proposal addresses the Northwest Power Pl anning
Council plan to "mnimze genetic and ecol ogi cal inpacts of
hatchery fish on wild stocks" as described in Phase One
Amendnents (Measure 2.4 ) to the Colunbia R ver Basin Fish
and Wldlife Program (adopted 14 August 1991). The nmmj or
enphasis of this work will concentrate on assessi ng whet her
characteristics of snoltification and downstream m gration
of wild fish can be reproduced and applied to hatchery-
reared fish. The proposal al so addresses the NVMFS Proposed
Recovery Plan for Snake River Sal non (March 1995) Task 4.4
"I nmprove survival of Colunbia River Basin anadronous
sal moni ds by inproving quality of fish rel eased from
hat cheri es" and the goal to "M nim ze inpacts on |isted
sal non frominteractions between Col unbia R ver Basin
hat chery sal nron and natural salnon" (Task 4.3). The
proposal al so addresses FWP (1995) objectives to maxim ze
post-rel ease survival of hatchery fish (Section 7.2D1, 3,5),
eval uate suppl enentati on prograns (Section 7.3B.2,6,7)
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i ncluding the Yakama program (Section 7.4K. 1), and assi st
t he devel opment of term nal harvest fisheries (Section
8. 30).

Qur studies on the quality of juvenile sal non produced by
Col unbi a Ri ver hatcheries have indicated significant
variation in timng and degree of snolt devel opnent anong
hatcheries. Mst significantly, we found that differences
in snolt devel opnent were positively correlated with snolt-
to-adult survival (D ckhoff et al., 1995 Beckman et al.
1999). These differences in snolt devel opnent and their
relation to adult survival have inplications regarding fish-
rearing procedures and managenent of hatchery rel eases. One
of the nost significant findings of our studies of hatchery-
reared chinook salnon is the positive relation between
growmh rate during the two nonths i medi ately precedi ng
rel ease and survival to adulthood. Furthernore, we have
shown that increasing spring growh rate by experi nental
mani pul ati on of spring chinook sal mon inproves their
downstream novenent (Beckman et al., 1996). This work
suggests that accelerating growh rate of hatchery fish just
prior to release may inprove snolt quality and enhance
downstream mi gration

The |inkage between growh rate, snoltification, seawater
tol erance and mgration rate has been observed previously
(Wagner et al. 1969; Varnavsky et al. 1992). Furthernore,
it is conpelling that such a link should exist, since the
same hornones that control growh rate (growth hornone,
insulin-like growh factor-1) also stinulate the devel opnent
of seawater tolerance in sal nonids (see Sakanoto and Hirano
1993 for review). Enhanced seawater tolerance is a
characteristic attribute of successful snoltification (Hoar
1988) .

In addition to our studies of hatchery sal non, we have
studied wild juvenile spring chinook sal non in the Yakim
Ri ver Basin. One of the rationales for the study of wld
salmonids is that their physiology may serve as a tenplate
for inmproving hatchery rearing of salnon in production or
suppl enent ati on prograns. A better understanding of the
physi ol ogy of wild fish should enable us to produce nore
wild-like fish in hatcheries. There are perceived
differences in performance (mgrational and snolt-to-adult
survival) between w | d/natural and hatchery-produced spring
chi nook sal non snolts, especially in the m d-and upper
Col unbi a and Snake Rivers. Survival of hatchery snmolts is
generally lower than that of wild fish and hatcheries often
have difficulty in procuring enough adults for brood stock.

Furthernore, it is critical to produce snolts with
physi ol ogi cal attributes of wild fish in supplenentation
progranms (RASP 1992).

Results on wld spring chinook sal non juveniles indicate
a dynam c pattern of physiol ogical devel opnment (D ckhoff et
al. 1997). In late autum and early winter the wild fish
reduce gromh rate, feeding activity and netabolism WId
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fish | ose substantial anmobunts of body fat over the winter in

sharp contrast to hatchery reared sal non, which are

generally obese (three to five times fatter than wild fish).
In late winter and early spring, wild yearlings

dramatically increase feeding, accunulate body fat, and

resunme growh. The sharp increase in growmh of wild fish

concomtant with snoltification is simlar to the rapid

growm h of high quality snolts in hatcheries in our previous

studies. In sumary, we can list several major differences

in wld spring chinook sal non snmolts conpared to hatchery

snol ts:

1) WId snolts are generally smaller than hatchery snolts

of equival ent snolt-to-adult survival.

2) WId fish showrapid gromth rate (as assessed by plasma

insulin-like growh factor I (1G=-1) level) during the

snol ting period.

3) WId snolts have | ess body fat than hatchery snolts.

4) WIld snolts show a nore dynam ¢ change in physi ol ogi cal

and netabolic status fromoverwintering to the spring

snol ting period.

In production-scale studies at Youngs Bay, OR we are
testing the hypothesis that dynam c changes in growth and
nmet abol i sm of juvenile sal non during winter/spring pronote
snoltification, inprove the quality of hatchery-reared
snolts, and inprove snolt-to-adult returns. Furthernore, we
are nonitoring the physiology of fish reared under
conventional and natural rearing systens in the
suppl enent ati on program of the C e El um Hatchery and
conparing it to the physiological tenplate constructed from
wi | d Yaki ma Ri ver chinook salnmon. Finally, we will nonitor
and conpare the physiol ogy of both hatchery and wld fish
during outm gration through Roza dam the Chandl er by-pass
facility and McNary Dam

b. Rational e and significance to Regi onal Prograns

The rational of our studies is that nmethods of rearing
spring chinook salmon in hatcheries may be nodified or
mani pul ated in order to pronote physiol ogi cal devel opnent
and behavior simlar to that found in wld fish. These
nodi fications may result in inproved performnce
characteristics for hatchery fish while m nimzing inpacts
of hatchery fish on wild fish. The results will apply to
bot h production and suppl enentation hatcheries. A |arge
nunber of suppl enentation hatcheries have begun operating
within the Colunbia River Basin. Qur proposed work in the
Yaki ma Fi sheries Project will continue to characterize the
physi ol ogi cal devel opnent of the second year-cl ass of

suppl enentation fish to be reared and released. This wll
all ow for conparisons between year classes, OCT versus SNT
reared fish, and wild fish. This is a unique opportunity
for research, since we have the | argest and nost
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conpr ehensi ve dat abase on the physi ol ogi cal devel opnent of
juvenile salnmon in hatcheries and in the wild. Qur
physi ol ogi cal data can be used to assess pre-rel ease success
and to nonitor post-rel ease success in achieving the target
of producing a wld-Iike supplenmentation snmolt. This
information can be used to refine rearing protocols to

i nprove post-rel ease perfornmance.

c. Rel ationships to other projects

1. The proposed coll aborative work with the Col unbia R ver
termnal fishery project in Youngs Bay OR (BPA project
#9306000) is an opportunity for us to perform production-
scal e tests of our hypotheses on inproving snolt quality by
grow h rate mani pul ation and patterning wild snolt

devel opment. The termnal fisheries project is a

col | aborati on between C atsop County Econom c Devel opnent
Council, and the Oregon and Washi ngton Departnents of Fish
and Wldlife. Their on-going studies exam ne the tinme of
rel ease and snolt-to-adult recovery (SAR) of spring chinook
sal mon juveniles. Qur proposal will examne the quality of
snolts rel eased and nodify growh rates of fish to inprove
efficiency and SAR  This termnal fishery has a high rate
of adult return relative to upper river production prograns.
Thus, conparisons of SAR of experinental groups will be
statistically robust. There is a substantial econony in
research costs because of such a collaborative and nutually
beneficial effort. The results of the proposed studies on
rearing protocols can be expanded to include all spring

chi nook production hatcheries in the Colunbia R ver Basin.
Recently WDFW has requested our input on rearing protocols
for their production and suppl enentati on hatcheri es.

2. The continued eval uation of spring chinook salnmon in the
suppl enentati on project in Yakim Ri ver Basin (BPA projects
#956300 and 9506406) is a collaboration with the Washi ngton
Department of Fish and WIldlife and the Yakama | ndi an
Nation. The proposed research is a | ogical next step to our
previ ous work characterizing the physiology of wild spring
chi nook salnon in the Yakima River. This collaborative
effort will provide the nost conplete eval uati on of

suppl enentation efforts available. The results should be
applicable to all supplenentation prograns in the Col unbi a
Ri ver Basi n.

3. The proposed eval uation of outm grating hatchery chi nook
sal non fromthe supplenentation project in the Yakim R ver
Basin (BPA projects #956300 and 9506406) and naturally
rearing fish is a collaboration with the WoOFWand the YIN
This research is an essential first step in understanding

t he physiological attributes of the nost successful hatchery
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and naturally rearing snolts (i.e. those that have survived
to mgrate fromthe basin). The results should provide
information which is applicable to all supplenentation
progranms in the Colunbia R ver Basin.

d. Project history (for ongoing projects)

Project # 9202200. The project began in 1992 with sel ection
of collection sites in the Yakim R ver Basin and

standardi zation of collection methods. WId fish sanpling
began in 1993 and continued through 1995. Sanple and data
analysis of wild fish sanples began in 1994 and conti nued

t hrough 1997. In 1998 a col |l aborative project with WOFW and
YI'N began, collecting sanples fromthe first generation of
OCT and SNT hatchery fish reared at the Ce El um

Suppl emrent ati on hatchery. Studies testing growh
mani pul ati on and the rel ationship between high spring growh
rate and snolt-to-adult survival in the Youngs Bay Term nal
Fi shery were initiated in 1997 with sanple collection
schedul ed through 1999.

Maj or results achi eved incl ude:

1. Characterization of physiology of wild spring chinook
sal non, which differ significantly from hatchery reared
fish.

2. Denonstration of the relationship between high growth
rate, snoltification and downstream m gration.

Publ i cati ons:

D ckhoff, WW, B.R Beckman, D. A Larsen, C V.W Mhnken,
C.B. Schreck and WS. Zaugg. 1995. Snolt quality
assessnent of hatchery-reared spring chinook sal non in
t he Col unbia River basin. AFS synposium 15:292-302.

Beckman, B.R, D.A Larsen, B. Lee-Paw ak, and WW
D ckhoff. 1996. Physi ol ogi cal assessnent and behavi or
interaction of wild and hatchery juvenile sal nonids: The
relationship of fish size and growth to snoltification in
spring chinook sal non. Annual report to the Bonneville
Power Adm ni stration Project 92-022. Cctober 1996.

D ckhoff, WW, B.R Beckman, D. A Larsen, C Duan and S.
Moriyama. 1997. The role of growth in the endocrine
regul ati on of salnon snoltification. Fish Physiol.

Bi ochem 17:231-236.

D ckhoff, WW, B.R Beckman, D. A Larsen and B. Lee-Paw ak.
1997. Physiology of mgration in salnonids. Mem Fac.
Fi sh. Hokkai do Univ. 44:14-16.

Beckman, B.R, D.A Larsen, S. Mriyam, B. Lee-Paw ak and
WW Dickhoff. 1998. Environnental nodul ati on of the
grow h hornone-insulin-like factor-1 endocrine axis and
its relation to size, growh and snoltification in
juvenile spring chinook sal non ( Oncor hynchus
t shawyt scha). Gen. Conp. Endocrinol. 109, 325-335.
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Beckman, B.R, D. A Larsen, B. Lee-Pawl ak and WW Di ckhoff.
1998. The relationship of fish size and growh rate to
m gration of spring chinook sal non ( Oncor hynchus
t shawyt scha) snmolts. North Anmerican Journal of Fisheries
Managenment 18: 537- 546.

Beckman, B.R and WW Dickhoff. 1998. Plasticity of
snoltification in spring chinook sal non ( Oncor hynchus
t shawytscha): Relation to growh and insulin-like growth
factor-1. J. Fish Biology 53: 808-826.

Beckman, B.R, WW D ckhoff, WS. Zaugg, C Sharpe, S.
Hrtzel, R Schrock, D.A Larsen, R D Ewng, A
Pal m sano, C B. Schreck, C. V.W Mhnken. 1999. G owh,
snoltification, and snolt-to-adult return of spring
chi nook sal non ( Oncor hynchus tshawyt scha) from hatcheries
on the Deschutes River, Oregon. Transactions of the
Aneri can Fisheries Society (accepted).

Years underway: 6

Past costs: $1, 752,150

e. Proposal objectives

1. Manipulate gromh rates of spring chinook salnon to
correspond to patterns seen in wild fish. Determ ne whether
wi nter dormancy and high growh rate during snolting

i nproves snolt-to-adult survival of spring chinook sal non
rel eased fromnet pens in the Colunbia R ver term nal
fisheries project (BPA project #9306000).

The hypothesis is: Gowth patterns of wild fish can be
reproduced on a hatchery production scale and will inprove
snolt-to-adult survival. Products fromthis study wll

i nclude BPA reports and peer-reviewed publications. The
work is being done at a production facility, so technol ogy
transfer i s assured.

2. Evaluate rearing protocols and nonitor snolt quality of
spring chinook sal non juveniles in the optimal conventi onal
treatment (OCT) and sem -natural treatnment (SNT) rearing
systens in the Ce El um suppl enentation hatchery program
(BPA projects # 956300 and 9506406). The hypothesis to be
tested is: hatchery-reared fish raised using OCT and/or SNT
rearing protocols have simlar physiological and

nor phol ogi cal, profiles to that of naturally rearing fish
The objective will be to evaluate the quality of snolts in
t he suppl enentati on program by their physiol ogi cal

attri butes, and conpare the data with that which was
collected previously for wild and hatchery fish. Results
wi |l be published as BPA reports and in the peer-revi ened
literature. Technology transfer will be assured since we
will be working with the hatchery manager.

3. Mnitor the physiology of outmgrating smolts produced
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A proj ect

under the OCT and SNT rearing systens in the Ce Elum
suppl enent ati on hatchery programas well as naturally
rearing snolts. The hypothesis to be tested is: hatchery-
reared fish raised according to OCT and/or SNT rearing
systens in the Ce Elum supplenmentation hatchery wll have
sim | ar physiol ogi cal, norphol ogical, and behavi oral
attributes to outmgrating naturally reared fish. The
objective is to collect physiological sanples fromtagged
outm grating hatchery fish and wild fish as they pass

t hrough Roza Dam the Chandl er bypass facility and McNary
Dam Results will be published as BPA reports and in the
peer-reviewed |iterature. Technology transfer will be
assured since we wll be working directly with WDFW and YI N
bi ol ogi sts t hroughout the study.

f. Met hods

is proposed with the follow ng goals: 1) analyze sanples and
anal yze and interpret tag return data from an experi nment
mani pul ating growh rates of spring chinook salnmon in the
Colunmbia River termnal fishery project in Youngs Bay OR
(BPA project #9306000), 2) eval uate physiol ogy of spring

chi nook sal non in supplenentation project in Yakim R ver
Basin (BPA projects #956300 and 9506406), 3) eval uate
physi ol ogy of suppl enentation hatchery and wild spring
chinook salnon in the Yakima River Basin during

out m ngration (BPA projects #956300 and 9506406) .

Element 1. Manipulate growh to inprove snolt devel opnment
of spring chinook salnon in the Col unbia River term nal
fishery.

Experinments will be conpleted testing the hypothesis
that wi nter dormancy foll owed by accel erated spring growth
rate will inprove snolt quality and snolt to adult survival
on a production scal e.

Spring chinook sal non from Ghat Creek Hatchery, were
marked with coded wire tags (CW) and placed in net pens in
Youngs Bay, OR  Fish were fed rations of Biodiet
(Bi oproducts, Warrenton OR) either on a standard schedul e or
a restricted schedule to reduce winter growh. The standard
ration was according to the feed manufacturer’s
recommendation adjusted for water temperature. Fish were
fasted from December 1 to mid-January (winter dormancy).

Maintenance rations of approximately 0.3% body weight per
day were fed from mid-January to mid-February. Accelerated
growth of the fish on the wild fish growth profile were
accomplished by increasing the ration in mid-February to 1

to 2% body weight per day, depending on results obtained
from the 1996-7 study. Control fish will be fed on standard
rations (Bioproducts recommendation) from November to the
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rel ease date of April 1 to achieve the target rel ease size
(409) .

Sanpling protocol Fifteen fish fromeach group on each
sanpling date will be killed to determ ne seasonal changes
in sel ected physiological variables. Fish wll be weighed
and neasured, and blood wll be collected. Coloration wll
be noted on a three-point scale (1 = parr, 2 = transitional,
3 = snolt). General health (presence or absence of | esions),
sex, and gonadal devel opnment will be noted. Blood sanples
will be used to determ ne hematocrit; the separated plasma
fraction will be used to determne insulin-like growh
factor-1 and insulin levels (volunme permtting). Gl
tissues will be collected for determ nation of Na*-K" ATPase
activity. Remaining fish carcasses will be utilized for
determining total body lipid. Fish will be sanpled once in
February and twice in March to determ ne seawater tol erance
and preference at Oregon State University, using the

behavi oral chanber that has been developed in Corvallis, OR

Sanpl e analysis Sanples will be analyzed for ATPase
activities as described in Zaugg et al. (1991) and for
plasma | GF-1 as described in Mriyama et al. (1995), and
results wll be conpared to known patterns of change in
| aboratory and hatchery-reared chinook sal non. Adult
survival of released fish will be determ ned by CM returns.

It is anticipated that slow growh of fish in winter
coupled with accelerated growth of fish in spring wll
inprove snolt quality and snmolt-to-adult survival. G aduate
students and technicians fromthe University of Washi ngton
will assist in sanple collection and anal yses.

Anticipated results: W anticipate that physiol ogical
devel opment of fish reared on the wild fish gromh pattern
shoul d show equal or better performance than the control
group based on adult return rates. Critical uncertainty
revol ves around the best nethod to inpose the wi nter
dormancy and accel erated spring gromh. How |ong should the
fish be fasted? When should the refeeding period begin?
Shoul d the fish be given a maintenance diet during the
winter? |s body fat and general health a good index to
determ ne whether the fasting period has conprom sed fitness
or produced chronic stress?

El ement 2: Conduct a second year of nonitoring of snolt
quality of spring chinook salnon juveniles in the optinm
conventional treatnment (OCT) and sem -natural treatnent
(SNT) rearing systenms in the Ce Elum Suppl enentation

hat chery program Begi nning in August 1999 we will sanple
24 fish (8 fish fromeach of 3 replicate raceways) fromthe
two treatnment groups. We will assess snolt norphol ogy,
whol e body fat |evel, blood plasma | evels of growth

regul atory hornones (1 G-I, growth hornone and insulin,
volume permtting) and gill Na-K ATPase activity. Sanples
will be collected bi-nmonthly from August to Novenber (to
nmonitor for Fall snolting), nonthly in Decenber and January
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and bi-nmonthly again from February to May. 1In the Spring of
1999, the fish reared at e Elumw || be noved to each of
three renote acclimation sites in the upper basin.
Physi ol ogy sanples will be collected until the end of the
outm gration period at the acclimtion sites containing fish
fromthe raceways which were originally sanpled at the Ce
El um hat chery.

Expected results: W anticipate that we wll find
differences in the physiology of fish reared in the OCT and
SNT rearing treatnments and in conparison with the patterns
that we observe in wild spring chinook salnmon juveniles in
the Yakima River. The different physiol ogical patterns wll
be used to nodify or fine tune rearing protocols in
subsequent years.

Element 3: |In order to conpare the physiology of hatchery
fish with wild fish, sanples of 10-15 fish per treatnent
will be collected throughout the outm gration period (Apri
and May) from previously pit-tagged OCT and SNT fish as well
as wld fish as they pass through Roza Dam a series of
screw traps operated by the YI N bel ow Roza dam at the
Chandl er bypass facility, and at McNary Dam (fish nunbers
permtting).

Expected results: W anticipate that we will find simlar
physi ol ogi cal attributes of the successfully outmgrating
hatchery reared fish and wild fish during. The changes
associated with whole body |ipid stores and netabolic

hor nones during outm gration between hatchery and wld fish
may provide significant information regarding energetic

bal ance during this period. These result will be used to
nodi fy rearing protocols to optimally prepare subsequent
generations of hatchery fish for successful mgration.

g. Facilities and equi prment

Laboratory and data anal yses and base of operations is the
Nort hwest Fi sheries Science Center of the National Marine
Fisheries Service in Seattle, which is well-equipped to
conduct the proposed studies. W have anal ytical bal ances,
centrifuges, a gamma counter, ELISA plate readers,
spectrophotoneters, and chem cal and radiation safety hoods.
Modern fish rearing facilities avail able include a
conput er-operated closed recircul ation systemw th
biofiltration, ozonation and UV-radiation to maintain water
quality. No additional equipment is requested. W have a
van that is equipped with sanpling gear, centrifuges and
el ectric generator for field sanpling at Youngs Bay term nal
fisheries project and at the C e Elum hatchery.
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h. Budget

Sal ary support is requested for D. A Larsen and B. R Beckman
who will oversee technical aspects of the project and
provide information critical for University of Washi ngton
techni ci ans and graduate students who will assist in the
project. M. Brad Gadberry, Fish Biologist with the UW

wi |l oversee sanpling fish at the Youngs Bay facitlity and
participate in fish body fat analysis. M. Kathy Cooper,
Fish Biologist with the UW w Il be responsible for sanple
anal yses for bl ood plasma hornone concentration and gil
ATPase. G aduate students Andy Pierce and D anne Baker w ||
assi st in sanple analysis.

Dr. Carl Schreck of the Oregon Cooperative Fishery Research
Unit at Oregon State University will oversee OSU
participation in fish sanpling and data anal ysis.

Section 9. Key personnel

Dr. Walton W Dickhoff, Principal Investigator, wl| oversee
progress on the project and be the primary manager of
ojective 1. Approximately 30%tine will be devoted to this
project (supported by NVWS). He has worked on the
physi ol ogy of salnon snoltification for over 20 years and is
internationally recognized in this field.

Dr. Donald A Larsen (Fishery biologist) is a co-Principa
I nvestigator and primary project manager for Cbjectives 2
and 3.. He will devote 100%tinme to the project. He has
participated in the research on snolt quality for 9 years.

M. Brian R Beckman (Fishery biologist) is a co-Principal
Investigator. He will devote 100%tinme to the project. He
has worked on snolt quality research for over 13 years, and
has | ed the studies of wild snolt physiol ogy.

Bi ogr aphi es:
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Walton W Di ckhoff
Educati on

A.B. Biological Sciences, 1970, University of California,
Ber kel ey.

Ph. D. Physiol ogy, 1976, University of California, Berkeley.

Honor s/ Awar ds

U S. Public Health Service Trainee, 1970-1974.
National Institutes of Health Fell owship, 1976-1977.
Tashiro Fell owship, Kitasato University, Japan, 1987.

Research Faculty Fell owshi p, Univ. Washi ngton, College of Ccean
and Fi shery Sci ences, 1988.

Di stingui shed Research Award, Univ. Washington, College of Ccean
and Fi shery Sci ences, 1991.

Enpl oynent

1993-1998 Director, Cooperative Education and Research
Pr ogram ( UW NVFS)

1987-1998 Prof essor (WOT), School of Fisheries,

Uni versity of Washi ngton.

1982- 98 Physi ol ogi st, National Marine Fisheries

Servi ce, Northwest Fi sheri es Research

Center, Seattle.

1988- 1989 Assistant Director, Aquaculture D vision,
School of Fisheries, UW

1984- 1987 Research Associ ate, School of Fi sheries,
Uni versity of Washi ngton.

1981, ’'82,’' 86 Lecturer, Dept. Zool ogy, University of
Washi ngt on.
1977, ' 79, *80, '82 Acti ng Assi st ant

Prof essor, Dept. Zool ogy, University of Washi ngton.
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1975-1984 Research Associ ate, Dept. Zool ogy, University

of Washi ngt on.

1974- 1975 Research Assistant, Dept. Physi ol ogy/ Anatony,

Uni versity of California, Berkeley.

Pr of essi onal Activities

Pr of essi onal Menber shi ps:

Ameri can Association for the Advancenent of Science, Society
of Integrative and Conparative Biology (fornmer American

Soci ety of Zool ogists; Chair, D vision of Conparative
Endocri nol ogy 1993-96), Endocrine Society

Edi t or shi ps:

Menber of Editorial Board of General and Conparative
Endocri nol ogy 1978-1991.

Acting Editor-in-Chief of General and Conparative
Endocri nol ogy in 1979-84.

Sel ect ed publi cati ons:

D ckhoff, WW, B.R Beckman, D. A Larsen, C Duan and S.
Moriyama. 1997. The role of growth in the endocrine
regul ati on of salnmon snoltification. Fish Physiol.

Bi ochem 17:231-236.

D ckhoff, WW, Beckman, B.R , Larsen, D.A , and Lee-Paw ak,
B. (1997). Physiology of migration in salnonids. Mem
Fac. Fish. Hokkaido Univ. 44, 14-17.

D ckhoff, WW, Beckman, B. R, Larsen, D. A, Mhnken, C
V. W, Schreck, C B., Sharpe, C, and Zaugg, W S
(1995). Quality assessnent of hatchery-reared spring
chi nook sal mon snolts in the Colunbia River Basin. 292-
302. In H L. Schrammand R G Piper ed. Uses and
Effects of Cultured Fishes in Aquatic Ecosystens.

Bet hesda, Maryl and, Anerican Fisheries Society.

D ckhoff, WW 1993. Hornones, Metanorphosis and Snolting.
In: The Endocrinol ogy of Growth, Devel opnent, and
Metabolismin Vertebrates. MP. Schrei bman, C G Scanes,
and P. K. T. Pang, eds. Academ c Press, Inc., San D ego,
CA pp. 519-540.
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D ckhoff, WW, C V.W Mhnken, F.W Waknitz, WS. Zaugg,
MG Bernard and C. V. Sullivan. 1989. Effect of
tenperature and feeding on snolting and seawater survival
of Atlantic sal nmon (Sal np sal ar). Aquaculture 82:93-102.

Folmar, L. C. and W.W. Dickhoff. 1980. The parr-smolt
transformation (smoltification) and seawater adaptation
in salmonids. A review of selected literature.
Aquaculture 21:1-37.
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Donal d A. Larsen

EDUCATI ON
B. A., Biology, University of Col orado, Boul der, CO 1986.

M S., Biology, Western Washi ngton University, Bellingham
VWA, 1990.

Ph.D., Fisheries, University of Washington, Seattle, WA
1997.

PROFESSI ONAL EXPERI ENCE

3/ 92- Present Fi sheri es Biol ogi st GS-11, Integrative
Fi sh Bi ol ogy Program Resour ce Enhancenent
and Utilization Technol ogi es D vision,

Nort hwest Fisheries Science Center, Seattle, WA

5/ 90-3/92 Bi ol ogi cal Technician GS-7 (Fisheries),
Integrative Fish Biol ogy Program Coast al
Zone and Estuary Studies Division,

Nort hwest Fi sheries Science Center, Seattle, WA

3/ 90-5/90 Bi ol ogi cal Technician (Fisheries): Foreign
and Donestic Fisheries Qoserver Program
Resource Ecol ogy and Fi sheries Managenent

Di vision, National Mrine Fisheries Service, Seattle, WA

3/ 88-12/ 89 Teachi ng Assistant, Biol ogy Departnent,
West ern Washi ngt on Uni versity,

Bel | i ngham WA

5/ 87-8/ 87 Forei gn Fisheries Cbserver: National
Marine Fisheries Service, Seattle, WA
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Sel ect ed Publicati ons:

Larsen, D. A, Mriyama, S., Dickey, J.T., Beckman, B.R,
Swanson, P., and Di ckhoff, WW 1997. Regulation of the
pituitary-thyroid axis during snoltification of coho
sal non:  Quantification of TSH, TSH nRNA, and thyroid
hor mones. | n*“Proceedings of the XllI International
Congress of Comparative Endocrinology” (S. Kawashima and
S. Kikuyama, Eds.). p1083. Montuzzi Editore.

Larsen, D.A., Swanson, P., Dickey, J.T., Rivier, J., and
Dickhoff, W.W. (1997). I'n vitro thyrotropin (TSH)
releasing activity of CRH family peptides in coho salmon,
Oncor hynchus ki sutch. Gen. Conp. Endocrinol. 109, 276-
285.

Moriyama, S., Swanson, P. Larsen, D.A., Miwa, S., Kawauchi,
H., and Dickhoff, W.W. (1997). Salmon thyroid
stimulating hormone (TSH): Isolation, characterization,
and development of a radioimmunoassay. Gen. Conp.
Endocri nol . 108, 457-471.

Larsen, D.A. and Swanson, P. (1997). Effects of gonadectomy
on plasma gonadotropins | and Il in coho salmon
(Ohcor hynchus ki sutch). Gen. Conp. Endocrinol. 108, 152-
160.

Larsen, D.A., Dickey, J.T., and Dickhoff, W.W. (1997).
Quantification of salmon a- and thyrotropin (TSH) R-
subunit nessenger RNA by an RNase protection assay:
Regul ation by thyroid hornmones. Gen. Conp. Endocri nol.
107, 98-108..

Dittman, A H, Qinn, T.P., Dickhoff, WW, and Larsen, D. A
(1994). Interactions between novel water, thyroxine and
ol factory inprinting in underyearling coho sal non
(Onhcor hynchus ki sutch, Wal baunm). Aquacul ture and
Fi sheri es Managenent. 25:2, 157-169.

Pl i setskaya, EEM, Mon, T.W, Larsen, D. A, Foster, GD.,
and D ckhoff, WW (1994). Liver glycogen, enzyne
activities and pancreatic hornones in juvenile Atlantic
salmon (Sal no salar) during their first sumer in
seawater. Can. J. Fish. Aquat. Sci. 51, 567-575.

D ckhoff, WW, Swanson, P., Larsen, D. A, and Zohar, Y.
(1992). Regul ation of salnonid reproduction by
controll ed rel ease of gonadotropin rel easing hornone
anal ogue (GhRHa). Am Zool., 32:22A

9202200 Physi ol ogi cal Assessnent of wild and hatchery juvenile sal nonids.



Bri an R Becknan
Educati on

B. S. (Bi ol ogy) 1983, Oregon State
Uni versity

M S. (Marine Environnental Science) 1985, State University
of New York at

St ony Br ook

Ph. D. Candi date (Fi sheries) 1992 - present,
Uni versity of Washi ngton

Wor k Experience

9/ 92 - present Fi shery Bi ol ogi st; NVFS Montl ake
Laborat ory

5/87 - 9/92 Fi shery Bi ol ogi st, NMFS Cook Field
Station

3/86 - 5/87 Bi ol ogi cal Techni ci an , NMFS Cook

Field Station

9/ 83 - 6/85 Graduat e Assistant, SUNY Stony Brook

Honor s/ Awar ds
Unit Citation ESA Petitions 1992

Qut st andi ng Perf or mance 1989, 1990, 1993, 1994, 1996

9202200 Physi ol ogi cal Assessnent of wild and hatchery juvenile sal nonids.



Sel ected publications

Beckman, B.R, WW D ckhoff, WS. Zaugg, C. Sharpe, S.
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Aneri can Fisheries Society (accepted).

Beckman, B.R and WW Dickhoff. 1998. Plasticity of
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t shawytscha): Relation to growh and insulin-like growth
factor-1. J. Fish Biology 53: 808-826.

Beckman, B.R and WS. Zaugg. 1988. Copper intoxication in
chi nook sal nmon ( Oncor hynchus tshawyt scha) i nduced by
natural spring water: effects on G| Na/ K ATPase,
hemat ocrit, and plasma glucose. Can. J. Fish Aquat.

Sci ., 45:1430-1435.

Beckman, B.R and WS. Zaugg. 1990. Effects of
Actinomycin-D on G ||l Na/K ATPase activity in freshwater
and seawat er adapted juvenile chinook salnmon. J. Fish
Bi ol ogy: 37:907-911.

Zaugg WS. and B. R Becknan. 1990. Sal twater induced
decreases in weight and length relative to seasonal
ATPase changes in coho sal non ( Oncor hynchus ki sutch): a
test for saltwater adaptability. Aquacul ture 86:19-23.

Beckman, B.R , Larsen, D. A, Lee-Pawl ak, B. , Mriyam, S.,
and WW Dickhoff. 1998. Insulin-like growh factor-I
and environnmental nodul ation of growth during
snol tification of spring chinook sal non, (Oncorhynchus
t shawyt scha) . General and Conparative Endocri nol ogy
109: 325- 335.

Beckman, B.R, D. A Larsen, B. Lee-Pawl ak and WW Di ckhoff.
The Rel ation of fish size and growh rate to m gration of
spring chinook salnmon snmolts. North American Journal of

Fi sheri es Managenent. 18:537-546.

Section 10. Information/technology transfer

The results of the research will be published in BPA reports
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and in peer-reviewed scientific journals. The investigators
will continue to present results at workshops, and
scientific nmeetings at the regional, national and
international |levels. For exanple, results of our present
project were presented at the annual neeting of the American
Fi sheries Society (1997 -San Francisco CA;, 1998 Physi ol ogy
Section-Baltinore MD), the snoltification workshop (Hood

Ri ver OR), chinook sal non hatchery nmanagers wor kshop
(Pendelton OR), natural rearing systens workshop (Port

Ludl ow WA), and the Pacific fish culture conference (Newport
OR). Since nmuch of the work is done at production
facilities, transfer of technology is assured.
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